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Abstract 
Based on the systematical analysis on the influencing factors of coal and gas outburst, with the research region divided into finite 
predicting units, the internal relation between the factors and the hazard of coal and gas outburst, which is combination model of 
influence factors, has been ascertained through multi-factor pattern recognition method. On the basis of contrastive analysis the 
pattern of coal and gas outburst between prediction region and mined region, the hazard of every predication unit has been 
determined. The mining area is then divided into coal and gas outburst dangerous area, threatened area and safe area respectively 
according to the hazard of every predication unit. Accordingly the prediction accuracy of coal and gas outburst has been 
improved through the application in the No. 6 mine of Hebi coal industry corporation. 
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1. Introduction 
Prevention work of coal and gas outburst involves three interrelated aspects which are regional prediction, local 
detection and taking effective measures. Domestic and overseas mining practice shows that the distribution of 
outburst is regional, and the place where disaster occurs in some geological structure zone only covers 8% ~ 20% of 
the whole area[1]. So region prediction is very important for preventing coal and gas outburst. 
Some scholars have put forward various methods for coal and gas outburst prediction. There are gas content 
index method, gas pressure index method, coal structure index method, initial speed index method of gas diffusion, 
coal protodyakonov coefficient, geology statistics method, gas geology method, radio wave perspective detection 
technology, volatile and resistivity logarithm method etc. single factor prediction methods[2-6]. The reliability for 
prediction depends on the number, test range and representativeness of experiment data, which is affected by factors 
asymmetry such as test sites, coal and rock and gas parameters. Most importantly, they have not considered 
comprehensive influence of others factors, and they haven’t selected the index in finite site and predicted the whole 
area using the local parameters. So the accuracy and reliability of prediction need fatherly improved. 
Comprehensive prediction methods have geological index method and the index of D? K [7]. They simply 
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 combine several single factors and are easy to select parameters and operation. Since only considering local data as 
predicting index, they have certain randomness. Multi-factor prediction method, which is the method of three 
factors, holds that coal and gas outburst is the synthetical result of stress, gas, coal configuration [8]. Since 1990, 
Zhou Jun, Li Nianyou, etc. domestic scholars have put forward to make discussing and research on applying the 
pattern recognition in the disasters  prediction of mining [9-10]. Regional prediction of coal and gas outburst hazard 
based on multi-factor pattern recognition is relate to coal mining, safety engineering, geology engineering, 
geographic information system(GIS), probability theory, information science and artificial intelligence(AI). Based 
on the systematical analysis influence factors of coal and gas outburst, the main factors and their magnitude have 
been determined by the corresponding methods. With the research region divided into finite predicting units, based 
on the synthetically intelligent analysis by multi-factor pattern recognition technology, the internal relation between 
the factors and the hazard of coal and gas outburst and the combination model of influence factors are determined 
through analyzing the outburst area. The hazard probability of every prediction unit has been determined to use 
neural networks and fuzzy reasoning method through contrast analysis between the outburst model ascertained and 
the model of mined area. Then the mining area was divided into coal and gas outburst dangerous area, threatened 
area and safe area respectively according to the hazard of every predication unit. Its characteristic is that the 
combination model is determined by multi-factor analysis ; the research region is divided into finite prediction units 
and predicted by regional data [11-12].  
2. Regional prediction of coal and gas outburst hazard based on multi-factor pattern recognition 
2.1. The principle of coal and gas outburst regional prediction by pattern recognition 
There are a variety of factors that affect coal and gas outburst, the mechanism of burst is very complicated. Coal 
and gas outburst is controlled by quite a few factors such as stress, active fault, gas pressure, gas content and coal 
structure, etc. Take n factors for studying. Regard every factor as one element of vector. n vectors constitute a 
feature space. So n factors constitute an n-dimension vector. Define every combination of the n factors as one 
pattern. Each pattern has a unique homologous position in the feature space. In the feature vector space, the distance 
of homogeneity pattern is close while the distance of the inhomogeneity pattern is far. The difference of the pattern 
feature between closer patterns is not big. So we divide up the vector space by some means and put the congener 
patterns approximately into the same area of the vector space. As for the unclassified patterns, we judge and decide 
which kind of pattern it belongs to according to the position of the feature vector. The task of pattern recognition is 
to divide up the feature space by some means so as to make the congener patterns in the same area of the feature 
space.  
Regional prediction of coal and gas outburst hazard based on multi-factor pattern recognition has been put 
forward based on the following understanding. (1) The occurrence of coal and gas outburst is subject to multi-factor. 
(2) In different mining areas, different coal layers and different structure conditions, coal and gas outbursts have 
different patterns. (3) It is extremely difficult for accurately predicting the time and place of outburst, but it is 
possible to predicting the incident probability. 
2.2. Feature extraction of coal and gas outburst 
The task of feature extraction and selection is to discover the most valid feature of classification. Sometimes 
specified ration evidence is needed to measure the validity of feature classification. There are many kinds of 
probability when mapped from high dimension feature space to low dimension feature space. A comparing standard 
is essential for selecting which mapping transformation is more efficient. Moreover, after choosing low dimension 
feature, such association probability of features is not unique. So a comparing norm is also needed to evaluate which 
association is the optimized classification. 
The feature extraction method based on Euclid distance has its advantages but it cannot depict different types’ 
approximate distribution of probability. It can not exactly show different types of overlapping modes. Therefore, it 
cannot directly get in touch with the error ratio. Feature extraction method based on approximate evidence should be 
taken into consideration. 
At the moment, there are two evidences: Jc and. Jd 
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(1) Chernoffs dividing line 
1ln ( ) ( )ds sc j jJ p x p x xw w
-= ò                                                                                                                           (1) 
Here, s-[0, 1] is closed interval value parameter. 
(2) Divergence dJ is defined as general average information to distinguish class iw  from jw .It equals to the 
summation of the two types of separate average message cJ  and dJ , the coordinate d may be designed according to 
the feature extraction utensil, and it is the largest to cause the evidence. 
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2.3. Patterns classifiers and determinant functions 
Fix a determinant function beforehand according to problem and the term. Ascertain the values of the unknown 
parameter of the determinant function according to the values of the samples. In mathematics, this  thought usually 
resembles the optimization problem with some specially designated function shapes. That is a mathematics 
expression, solving the pattern recognition problem in the way of the optimization means. 
The linear determinant function ordinarily can be showed as the following matrix: 
T
Og ( x ) = W X + W                                                                                                                                                   
(3) 
Here, X is the d-dimensional feature vector, W  is the weight vector, OW  is  the threshold quantity. 
The linear determinant function fits some simple pattern classification, but when the linear plane can not be 
divided into the decision regions, the nonlinear determinant functions are adopted. One way to treat with the 
nonlinear determinant function is transforming. That means the points in low dimension can be mapped to high 
dimension. By this the determinant function can then be changed into linear transforms, the problem is simplified as 
mentioned above. 
3. The step of regional prediction  
3.1. The determination of influence factors 
Based on the analysis of coal and gas outburst character, the following influence factors have been determined. 
There are active faults, maximum principal stress, stress gradient, roof lithology, coal protodyakonov coefficient, 
initial speed index method of gas diffusion, gas pressure, gas content, coal and rock permeability, desorption index 
for drill cuttings, structure coal, and mining depth etc. 
After the factors are determined, their distributions are ascertained by different methods such as geo-dynamic 
division, in -situ stress measurement, solid -flow coupled analysis, spot measurement, numerical simulation and 
drilling data fitting. Then the influence factors databases have been established, whose character is multi-factor and 
regional. This is the base of multi-factor pattern recognition of coal and gas outburst. 
3.2. The step of coal and gas outburst pattern recognition prediction 
(1) Divide the prediction units. It includes dividing the prediction area into many limited units and mappeding the 
function of the influence factors to the mesh unit. 
(2) Fuzzy Reasoning. It includes knowledge base, reasoning mechanism, fuzzy input and anti-fuzzy output. 
(3) Fuzzy discrimination. It includes the consultation of expert opinion, computer learning and analogy analysis. 
 
  349S. Wei-hua and Z. Hong-wei / Procedia Earth and Planetary Science 1 (2009) 347–353 
 (4) Pattern recognition. It includes input variable fuzzy, application of fuzzy operator and fuzzy implication, fuzzy 
synthesis and anti-fuzzy. 
(5) Probability prediction. It includes determining the outburst model of mined area, similarity analysis and 
determining prediction unit’s hazard. 
(6) Results output. It includes unit probability figure, regional prediction figure and data files. 
4. Application of the method in No.6 mine of Hebi coal industry corporation 
4.1. General situation of No.6 mine of Hebi coal industry corporation 
The No.6 mine of Hebi coal industry corporation locates in the east margin of Taihang fault uplift and is a 
monocline structure of 20°. The amount of large and middle faults, whose fall is 31m and the degree of geological 
complex is IIab. The mining coal seam is II1 layer. From 1970 to 2000, absolute gas emission amount changed 
between 19.63 m3/min and 61.28 m3/min. Up to 2008, there had been 37 accidents of coal and gas in the mine. 
4.2. The determination of influence factors of coal and gas outburst 
Based on exp erts suggestions and exited research, the factors, such as active faults, maximum principal stress, 
minimum principal stress, shear stress, stress gradient, roof lithology, gas emission, have been determined. Firstly, 
the single factor has been analyzed, and then the data has been processed and extracted. Finally, the probability of 
coal and gas outburst hazard of every prediction unit has been obtained. 
The probability index has been obtained by the way of expert consultation and field statistics. The dangerous 
probability index>0.63, the threaten probability index=0.32~0.63, the safety probability index<0.32. Table 1 shows 
in-situ stress measurement results. Fig.1 is the contour of gas content in the deep mining area. 
Table 1. In-situ stress measurement  
Depth 
(m) 
Classificatory 
of principal stress 
Magnitude(MPa) 
Orientation(°) Obliquity(°) 
1s  22.0 254.2 8.5 
450 
2s  10.6 -27.6 -53.7 
 3s  5.6 170.2 -35.0 
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Fig. 1. The contour of gas content 
4.3. Regional prediction based on multi-factor pattern recognition 
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The first step is to divide the mining area into cells, there are 1812 cells of 100m×100m in No.6 mine of Hebi 
coal industry corporation, and the research area is larger than the mining area for the sake of boundary effect. 
Choose an area of a coalfield. Take the multi-factor data that affect the coal and gas outburst as imputing parameters 
to compose a regular matrix, Output the probability values of outburst risk in each cell and analyze the effect. The 
partial data are presented in Table 2. 
Table 2. Partial data and outburst probability 
ID d(m) 1s  3s  
Shear stress 
(MPa) 
gas emission 
(m3·t–1) 
Probability 
385 688.0 30 12 8 5 0.43 
386 787.4 30 12 8 5.67 0.49 
387 886.8 30 12 8 7.34 0.51 
388 969.9 30 12 8 10 0.64 
389 962.6 30 12 8 10 0.61 
414 704.1 30 12 8 5 0.31 
415 802.1 30 12 8 5.67 0.49 
416 881.1 30 12 8 7.34 0.49 
417 870.3 30 12 8 10 0.64 
418 862.8 30 12 8 10 0.62 
441 728.2 27 12 7 5 0.35 
Notes: 1) d is the distance to active fault; 2) The roof is sandy shale. 
Store the values in the database. Adopt pattern recognition to accomplish the whole process of regional prediction. 
The prediction result and the engineering graph can generate a unit prediction graph in the computer. Fig.2 is the 
statistics histograms of unit approximate rate.  
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Fig. 2. The histograms of outburst probability 
The results by pattern recognition create a layered colour graph figure according to fatalness probability value 
(Fig.3), in which the light-color part on the graph stands is safe area, the dark color part is outburst dangerous area 
and the rest is threaten area, then create unit prediction graph combined with project maps (Fig.4). The analysis 
statistic result of unit outburst fatalness shows that the maximum is 0.82 that locates eastern high stress area and the 
minimum is 0.16 that locates western low stress area in seam II1 of the No.6 mining. 
 
  
  351S. Wei-hua and Z. Hong-wei / Procedia Earth and Planetary Science 1 (2009) 347–353 
  
Fig. 3. The prediction result of coal and gas outburst pattern recognition 
 
Fig. 4. The grid outburst probability 
4.4. Effect testing of prediction results 
The prediction results are basically divided into three zones in the whole mining area. The safe areas locate in the 
shallow part of coal seam, threatened areas in the center parts and dangerous areas in deep parts. The prediction 
probability result of lower crossheading of 3402 mine face, whose elevation is -365m, is 0.64. Gas emission amount 
of the roadway has  been relatively high and exceeded the limit frequently. An accident of coal and gas outburst 
occurred on March 6, 2006. The regional prediction result of coal and gas outburst hazard based on multi-factor 
pattern recognition plays a guiding role to prevent coal and gas outburst. 
5. Conclusions 
(1) Coal and gas outburst is affected by various factors. In different mining areas, different coal layers and 
different structure conditions of the coal and gas outbursts have different patterns. It is extremely difficult for 
predicting accurately the time and place of outburst, but it is possible to predicting the incident probability. 
(2) The prediction method of coal and gas outburst hazard by pattern recognition, which has put forward the 
concept of outburst model and the prediction method by pattern recognition, has been developed from qualitative to 
quantitative from single factor prediction to multi-factor prediction and from point data to regional date. It has been 
used to perform unit possibility prediction of coal outburst and improved the accuracy of regional prediction of coal 
and gas outburst. By the method, a comparative scientific regional prediction of coal and gas outburst has been built. 
(3) The contrast between the prediction results and the outburst phenomena of mined area in No.6 mine of Hebi 
coal industry corporation shows that the general trend has better consistency with the mine spot and local prediction 
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results completely accord with practical things, which plays a guiding role to prevent coal and gas outburst. 
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